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PDCCH Number of Number of resource- Number of
format CCEs element groups PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

Table 1: Supported PDCCH formats in LTE

System BW # of PHICH groups # of REGs for # of REs
PHICH

20MHz 25 75 300

10MHz 13 39 156

5MHz 7 21 84

Table 2: Maximum PHICH resource in Rel-8

# of symbols available # of CRS ports # of REs per PRB pair
for PDSCH

13 4 136

12 4 128

11 4 116

10 4 104

Table 3: Number of REs per PRB pair in a subframe available for PDSCH data

transmission

System bandwidth

5 MHz

10 MHz

20 MHz

Number of VRB pair

1

12

2-3

Table 4: Number of VRBs for E-PHICH transmission

Fig
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ENHANCED PHICH TRANSMISSION FOR
LTE-ADVANCED

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/607,436, filed Mar. 6, 2012 by
Youn Hyoung Heo, et al., entitled “Enhanced PHICH Trans-
mission for LTE-Advanced” which is incorporated by refer-
ence herein as if reproduced in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to control channels in wire-
less telecommunications systems.

BACKGROUND

As used herein, the term “user equipment” (alternatively
“UE”) might in some cases refer to mobile devices such as
mobile telephones, personal digital assistants, handheld or
laptop computers, and similar devices that have telecommu-
nications capabilities. Such a UE might include a device and
its associated removable memory module, such as but not
limited to a Universal Integrated Circuit Card (UICC) that
includes a Subscriber Identity Module (SIM) application, a
Universal Subscriber Identity Module (USIM) application, or
a Removable User Identity Module (R-UIM) application.
Alternatively, such a UE might include the device itself with-
out such a module. In other cases, the term “UE” might refer
to devices that have similar capabilities but that are not trans-
portable, such as desktop computers, set-top boxes, or net-
work appliances. The term “UE” can also refer to any hard-
ware or software component that can terminate a
communication session for a user. Also, the terms “user
equipment,” “UE,” “user agent,” “UA,” “user device,” and
“mobile device” might be used synonymously herein.

As telecommunications technology has evolved, more
advanced network access equipment has been introduced that
can provide services that were not possible previously. This
network access equipment might include systems and devices
that are improvements of the equivalent equipment in a tra-
ditional wireless telecommunications system. Such advanced
or next generation equipment may be included in evolving
wireless communications standards, such as long-term evo-
Iution (LTE). For example, an LTE system might include an
Evolved Universal Terrestrial Radio Access Network (E-UT-
RAN) node B (eNB), a wireless access point, or a similar
component rather than a traditional base station. Any such
component will be referred to herein as an eNB, but it should
be understood that such a component is not necessarily an
eNB. Such a component may also be referred to herein as an
access node.

LTE may be said to correspond to Third Generation Part-
nership Project (3GPP) Release 8 (Rel-8 or R8) and Release
9 (Rel-9 or R9), and possibly also to releases beyond Release
9, while LTE Advanced (LTE-A) may be said to correspond to
Release 10 (Rel-10 or R10) and possibly also to Release 11
(Rel-11 or R11) and other releases beyond Release 10. As
used herein, the terms “legacy”, “legacy UE”, and the like
might refer to signals, UEs, and/or other entities that comply
with LTE Release 10 and/or earlier releases but do not fully
comply with releases later than Release 10. The terms
“advanced”, “advanced UE”, and the like might refer to sig-
nals, UEs, and/or other entities that comply with LTE Release
11 and/or later releases. While the discussion herein deals
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2

with LTE systems, the concepts are equally applicable to
other wireless systems as well.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts.

FIG.1is adiagram of a downlink LTE subframe, according
to the prior art.

FIG. 2 is a diagram of an LTE downlink resource grid in the
case of a normal cyclic prefix, according to the prior art.

FIG. 3 is adiagram of a mapping of a cell-specific reference
signal in a resource block in the case of two antenna ports at
an eNB, according to the prior art.

FIG. 4 is a diagram of a resource element group allocation
in a resource block in the first slot when two antenna ports are
configured at an eNB, according to the prior art.

FIG. 5 is a diagram of E-PDCCH regions, according to an
embodiment of the disclosure.

FIG. 6 is a diagram of multiplexing an E-PHICH and an
E-PDCCH with localized transmission, according to an
embodiment of the disclosure.

FIG. 7 is a diagram of multiplexing an E-PHICH and an
E-PDCCH with distributed transmission, according to an
embodiment of the disclosure.

FIG. 8 is a diagram of transmitting an E-PHICH in a
common search space, according to an embodiment of the
disclosure.

FIG. 9 is a diagram of multiplexing an E-PHICH and a
PDSCH, according to an embodiment of the disclosure.

FIG. 10 is a diagram of allocating three virtual resource
block pairs for an E-PHICH, according to an embodiment of
the disclosure.

FIG. 11 is a diagram of allocating one virtual resource
block pair for an E-PHICH, according to an embodiment of
the disclosure.

FIG. 12 is a diagram of an E-PHICH interleaving process,
according to an embodiment of the disclosure.

FIG. 13 is a diagram of E-PHICH resource mapping,
according to an embodiment of the disclosure.

FIG. 14 is another diagram of E-PHICH resource mapping,
according to an embodiment of the disclosure.

FIG. 15 contains tables related to embodiments of the
disclosure.

FIG. 16 is a simplified block diagram of an exemplary
network element according to one embodiment.

FIG. 17 is ablock diagram with an example user equipment
capable of being used with the systems and methods in the
embodiments described herein.

FIG. 18 illustrates a processor and related components
suitable for implementing the several embodiments of the
present disclosure.

DETAILED DESCRIPTION

It should be understood at the outset that although illustra-
tive implementations of one or more embodiments of the
present disclosure are provided below, the disclosed systems
and/or methods may be implemented using any number of
techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative
implementations, drawings, and techniques illustrated below,
including the exemplary designs and implementations illus-
trated and described herein, but may be modified within the
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scope of the appended claims along with their full scope of
equivalents. Embodiments are described herein in the context
of'an LTE wireless network or system, but can be adapted for
other wireless networks or systems.

In an LTE system, physical downlink control channels
(PDCCHs) are used to carry downlink (DL) or uplink (UL)
data scheduling information, or grants, from an eNB to one or
more UEs. The scheduling information may include a
resource allocation, a modulation and coding rate (or trans-
port block size), the identity of the intended UE or UEs, and
other information. A PDCCH could be intended for a single
UE, multiple UEs or all UEs in a cell, depending on the nature
and content of the scheduled data. A broadcast PDCCH is
used to carry scheduling information for a physical downlink
shared channel (PDSCH) that is intended to be received by all
UEs in a cell, such as a PDSCH carrying system information
about the eNB. A multicast PDCCH is intended to be received
by a group of UEs in a cell. A unicast PDCCH is used to carry
scheduling information for a PDSCH that is intended to be
received by only a single UE.

FIG. 1 illustrates a typical DL LTE subframe 110. Control
information such as the PHICH (physical HARQ (hybrid
automatic repeat request) indicator channel), PCFICH
(physical control format indicator channel), and PDCCH are
transmitted in a control channel region 120. The PHICH is
used to transmit HARQ acknowledgements and negative
acknowledgements (ACK/NACK), which may indicate
whether the eNB has correctly received uplink scheduled data
on the physical uplink shared channel (PUSCH).

The control channel region 120 includes the first few
OFDM (orthogonal frequency division multiplexing) sym-
bols in the subframe 110. The exact number of OFDM sym-
bols for the control channel region 120 may be dynamically
indicated by a control format indicator (CFI) in the PCFICH,
which is transmitted in the first symbol. Alternatively, the
number of OFDM symbols may be semi-statically configured
when cross carrier scheduling is configured in the case of
carrier aggregation in LTE Rel-10.

The PDSCH, PBCH (physical broadcast channel), PSC/
SSC (primary synchronization channel/secondary synchro-
nization channel), and CSI-RS (channel state information
reference signal) are transmitted in a PDSCH region 130. DL,
user data is carried by the PDSCH channels scheduled in the
PDSCH region 130. Cell-specific reference signals are trans-
mitted over both the control channel region 120 and the
PDSCH region 130, as described in more detail below.

Each subframe 110 can include a number of OFDM sym-
bols in the time domain and a number of subcarriers in the
frequency domain. An OFDM symbol in time and a subcar-
rier in frequency together define a resource element (RE). A
physical resource block (physical RB or PRB) can be defined
as, for example, 12 consecutive subcarriers in the frequency
domain and all the OFDM symbols in a slot in the time
domain. An RB or PRB pair with the same RB index in slot O
(1404a) and slot 1 (1405) in a subframe can be allocated
together.

FIG. 2 shows an LTE DL resource grid 210 within each slot
140 in the case of a normal cyclic prefix (CP) configuration.
The resource grid 210 is defined for each antenna port, i.e.,
each antenna port has its own separate resource grid 210.
Each element in the resource grid 210 for an antenna port is an
RE 220, which is uniquely identified by an index pair of a
subcarrier and an OFDM symbol in a slot 140. An RB 230
includes a number of consecutive subcarriers in the frequency
domain and a number of consecutive OFDM symbols in the
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time domain, as shown in the figure. An RB 230 is the mini-
mum unit used for the mapping of certain physical channels to
REs 220.

For DL channel estimation and demodulation purposes,
cell-specific reference signals (CRSs) can be transmitted over
each antenna port on certain pre-defined time and frequency
REs in every subframe. CRSs are used by Rel-8 to Rel-10
legacy UEs to demodulate the control channels. FIG. 3 shows
an example of CRS locations in a subframe for two antenna
ports 310a and 3105, where the RE locations marked with
“R0O” and “R1” are used for CRS port 0 and CRS port 1
transmission, respectively. REs marked with “X” indicate
that nothing should be transmitted on those REs, as CRSs will
be transmitted on the other antenna.

Resource element groups (REGs) are used in LTE for
defining the mapping of control channels such as the PDCCH
to REs. A REG includes either four or six consecutive REs in
an OFDM symbol, depending on whether the CRSs are
included. For example, for the two-antenna port CRSs shown
in FIG. 3, the REG allocation in each RB is shown in FIG. 4,
where the control region 410 includes two OFDM symbols
and different REGs are indicated with different types of shad-
ing. REs marked with “R0O” or “X” in FIG. 4a or with “R1” or
“X” in FIG. 44 are reserved for CRSs for antenna port 0 and
antenna port 1, and therefore only four REs in each REG are
available for carrying control channel data.

A PDCCH can be transmitted on an aggregation of one or
more consecutive control channel elements (CCEs), where
one CCE consists of, for example, nine REGs. The CCEs
available fora UE’s PDCCH transmission are numbered from
0 to n.z—1. In LTE, multiple formats are supported for the
PDCCH as shown in Table 1 in FIG. 15.

The number of CCEs available in a subframe depends on
the system bandwidth and the number of OFDM symbols
configured for the control region. For example, in a 10 MHz
system with three OFDM symbols configured for the control
region and six groups configured for the PHICH, 42 CCEs are
available for the PDCCH.

Multiple PDCCHs may be multiplexed in the control
region in a subframe to support UL and DL data scheduling
for one UE and to support DL and UL scheduling for more
than one UE. For a given system bandwidth, the number of
PDCCHs that can be supported in the control region also
depends on the aggregation level used for each PDCCH. The
aggregation level indicates how many CCEs are aggregated to
carry a PDCCH. The aggregation level for a given target
packet error rate is determined by the downlink received
signal quality at a UE and the size of the downlink control
information (DCI) to be carried by a PDCCH. In general, a
high aggregation level is needed for a PDCCH intended for a
UE that is at the cell edge and is far away from the serving
eNB, or when a DCI with a large payload size is used.

The legacy PDCCH region in LTE may have capacity
issues for some new applications or deployment scenarios
where the number of scheduled UEs in a subframe could be
large. Some examples include multiple user multiple input
multiple output (MU-MIMO) transmission, coordinated
multi-point (CoMP) transmission, heterogeneous network
(hetnet) deployment with remote radio heads (RRHs) in a cell
sharing the same cell ID, and carrier aggregation (CA). With
these deployment scenarios, there may be a need to enhance
the capacity of the PDCCH and at the same time to limit the
number of blind decodes required by an advanced UE.

One approach for PDCCH capacity enhancement is to
transmit DCI in the legacy PDSCH region. That is, some RBs
or PRB pairs in the traditional PDSCH region can be reserved
for DCI transmission to UEs. Hereinafter, a physical down-
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link control channel transmitted in the legacy PDSCH region
will be referred to as an extended or enhanced PDCCH
(E-PDCCH). A set of RBs and OFDM symbols or PRB pairs
reserved for this purpose can be referred to as an E-PDCCH
region. The E-PDCCH region in a subframe is not necessarily
completely filled with E-PDCCHs in that some resources in
the E-PDCCH region not used for E-PDCCH transmission
can be assigned for PDSCH transmission. In addition, for
some scenarios, the legacy PDCCH region may or may not be
present in a subframe containing an E-PDCCH region. The
time and frequency resources of an E-PDCCH region may be
configurable. Examples of E-PDCCH regions are shown in
FIG. 5.

Multiple PHICHs may be transmitted in the same set of
resource elements and may be defined as a PHICH group. In

Iprich = .
0 otherwise

the same PHICH group, multiple PHICHs may be multi-
plexed with different complex orthogonal Walsh sequences.
In the case of a normal cyclic prefix, eight PHICHs can be
multiplexed within a PHICH group, as the length of the
orthogonal sequence is four and the PHICHs are also multi-
plexed over the I and Q branches. Meanwhile, four PHICHs
can be multiplexed within a PHICH group with length-2
Walsh sequences.

For PHICH resource configuration, two parameters are
signaled in the master information block (MIB): the PHICH
duration and the number of PHICH groups. The duration of
the PHICH specifies the number of OFDM symbols that the
PHICH is distributed over. To avoid dependency with the
PCFICH, the duration is independently signaled and can be
different from the control region for the PDCCH. The second
parameter is used to define the amount of PHICH resources,
i.e., the number of PHICH groups. The mapping between
PHICH resources and the corresponding uplink scheduled
transmission is implicit. That is, there is a predefined mapping
rule between the PHICH resource index and the PUSCH PRB
index transmitting the uplink shared channel. Because there
can be a PUSCH transmission without a PDCCH, e.g., in the
case of resource non-adaptive retransmission, the PHICH
resource is mapped to the actual PUSCH PRB index instead
of the PDCCH CCE index.

A PHICH resource is identified by the index pair
Mprgree " Nprrer 1) wWhere Npgr o~ "% is the PHICH
group number and Np;; 7 is the orthogonal sequence
index within the group. As a PHICH resource is implicitly
defined by the lowest PRB index in the first slot of the corre-
sponding PUSCH transmission, the UE derives the assigned
index pair with the scheduled PUSCH PRB index. If the
PHICH resource is smaller than the number of PUSCH PRBs
or if multiple users are scheduled in the same PUSCH PRBs,
a collision can happen. That is, the same PHICH resource
may be assigned to multiple UEs. To avoid a collision, a
different cyclic shift value, which is indicated in the uplink
DCI format, may be used to derive the assigned PHICH
resource. More specifically, the following equation may be
used to determine the index pair.

lowest_index,

npprce " P=(Ipre_ra +1pars)mod

group group
N, PHICH +IPHI CHN PHICH

M

seq_ lowest_index group
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In the above equation, ny,,¢ is mapped from the cyclic
shift for the demodulation reference signal (DMRS) field in
the most recent DCI format O or 4 for the transport block
associated with the corresponding PUSCH transmission.
Ny, e 18 set to zero if there is no PDCCH with DCI format 0
or 4 for the same transport block and if the initial PUSCH for
the same transport block is semi-persistently scheduled or the
initial PUSCH for the same transport block is scheduled by
the random access response grant. N7 <7 is the spreading
factor size used for PHICH modulation as described in sec-
tion 6.9.1 of 3GPP Technical Specification (TS) 36.213.
Iprs = [owest—index is the lowest PRB index in the first slot of
the corresponding PUSCH transmission. Npgz;-% "% is the
number of PHICH groups configured by higher layers as
described in section 6.9 of 3GPP TS 36.213.

1 for TDD UL/DL configuration0 with PUSCH transmission in subframe n=4 or 9

The E-PDCCH specified in LTE Rel-11 systems may sup-
port increased control channel capacity, may support fre-
quency domain inter-cell interference coordination (ICIC),
may achieve improved spatial reuse of control channel
resources, may support beamforming and/or diversity, may
operate on advanced carrier types and in MBSFN subframes,
and may coexist on the same carrier with legacy UEs. In some
cases, the E-PDCCH may be transmitted by using PDSCH
resources, so the introduction of the E-PDCCH may have no
impact on legacy PDCCH transmissions. Further, the E-PD-
CCH may increase control channel capacity by borrowing
PDSCH resources.

To support frequency domain ICIC and to multiplex with
the PDSCH, the E-PDCCH may be transmitted within down-
link PRBs or PRB pairs instead of being spread over the entire
system bandwidth. In the time domain, if the E-PDCCH is
distributed over the subframe in the PDSCH region, addi-
tional signaling may not be necessary. Otherwise, the number
of OFDM symbols may need to be signaled. The E-PDCCH
region in the frequency domain and time domain may be
signaled with radio resource control (RRC) signaling or
dynamic signaling.

The E-PDCCH region may be multiplexed with the
PDSCH only in the frequency domain. Therefore, E-PD-
CCHs may be transmitted in different PRBs or PRB pairs
from the PRB pairs on which PDSCHs are transmitted. Alter-
natively, the E-PDCCH and the PDSCH may be transmitted
in the same PRB or PRB pair by dividing the number of
OFDM symbols in the time domain.

Both localized and distributed transmission may be sup-
ported for the E-PDCCH. At least for localized transmission,
and for distributed transmission where the CRS is not used for
demodulation of the enhanced control channel, the demodu-
lation of the enhanced control channel may be based on the
DMRS transmitted in the PRBs or PRB pairs used for trans-
mission of the E-PDCCH.

Given that the E-PDCCH has been introduced because the
capacity of the PDCCH may be insufficient, an issue that may
arise is whether the capacity of the legacy PHICH is suffi-
cient. In a Rel-8 LTE system, the number of PHICHs is
dependent on the number of PRBs, the number of orthogonal
sequences, and the parameter N, where N e{s,%%,1,2} is
provided by higher layers. For example, in case of 20 MHz
and the normal cyclic shift, the maximum number of PHICHs
is 200 if N, is configured as 2. Meanwhile, in the case of the
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PDCCH, the maximum number of PDCCHs is 88, assuming
that the PDCCH aggregation level is 1 and that three OFDM
symbol are used for the control region. According to this brief
calculation, it can be seen that the maximum number of
PHICH resources is approximately double of the number of
PRBs in the same system bandwidth. However, although the
number of PHICH resources is larger than the PDCCH
resource capacity, increasing the PHICH capacity may be
important in some scenarios. For example, when an addi-
tional carrier without a control region is supported or when a
control channel experiences strong interference, the PHICH
for the additional carrier may need to be transmitted on the
primary carrier. Another example is the scenario where
remote radio heads (RRHs) with the same cell ID as the macro
eNB are supported. In this case, the number of UEs scheduled
to transmit the PUSCH may be dramatically increased. Fur-
thermore, the current PHICH structure may not be efficient
for frequency domain ICIC because the PHICH is distributed
over the entire system bandwidth.

Embodiments of the present disclosure provide a detailed
design for an extended or enhanced PHICH (E-PHICH)
structure, including resource allocation and multiplexing
between the E-PHICH and the E-PDCCH. More specifically,
at least four issues related to the E-PHICH are identified, and
at least one set of embodiments is disclosed for each of the
issues. The embodiments will be briefly summarized, and
then details will be provided for each set of embodiments.

The first set of embodiments deals with multiplexing of the
E-PHICH with the E-PDCCH or the PDSCH. Five different
approaches are provided in this first set of embodiments. In a
first approach, E-PHICHs may be transmitted with localized
E-PDCCH transmission in the same PRBs or PRB pairs as the
PRBs used for the E-PDCCHs. In a second approach, E-PH-
ICHs may be transmitted in PRBs or PRB pairs for E-PD-
CCHs configured with distributed transmission. In a third
approach, E-PHICHs may be transmitted in PRBs or PRB
pairs where commonly monitored E-PDCCHs are transmit-
ted. A common search space may be defined for E-PDCCHs
to transmit DCI formats aimed to all UEs or group of UEs.
E-PHICHs may be multiplexed with E-PDCCHs in the PRBs
or PRB pairs reserved for the common search space. In a
fourth approach, E-PHICHs may be transmitted in PRBs or
PRB pairs for PDSCH transmission. An E-PHICH may be
transmitted in a difterent PRB or PRB pair from an E-PD-
CCH. In order to avoid wasting resources when all REs are
not used for PHICH resources, the E-PHICH may be multi-
plexed with the PDSCH in the same PRBs or PRB pairs. In a
fifth approach, an E-PHICH may be transmitted alone in
separate virtual resource blocks (VRBs). Different E-PHICH
groups may be multiplexed and interleaved before mapping
across VRBs. The VRBs may then be mapped to PRBs in a
distributed manner. Frequency hopping may be applied to the
second slot of the VRBs.

The second set of embodiments deals with resource allo-
cation for the E-PHICH. Multiple PHICH resource sets may
be defined to efficiently utilize E-PHICH resources. Each
PHICH resource set can be mapped to a PUSCH PRB index.
The actually used E-PHICH resource set may be explicitly
indicated with semi-static signaling or dynamic signaling.
Alternatively, the actually used E-PHICH resource may be
implicitly indicated with a CCE index of the E-PDCCH or
PDCCH transmitting the uplink grant.

The third set of embodiments deals with monitoring and
receiving the PHICH and the E-PHICH. When both the
PHICH in the legacy control region and the E-PHICH are
supported and configured, the UE may monitor and receive
both the PHICH and the E-PHICH. In this case, the actual
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PHICH or E-PHICH resource may be determined depending
on the PUSCH PRB index and the DMRS cyclic shift, where
the number of E-PHICHs that are supported could be signaled
or re-interpreted from the PBCH or signaled through higher
layer signaling. Alternatively, the UE may receive the E-PH-
ICH only if the UE is configured to monitor the E-PDCCH
region or if the eNB configures the UE to receive the E-PH-
ICH only.

The fourth set of embodiments deals with inter-cell inter-
ference management for the E-PHICH. To avoid interference
in E-PHICH transmissions between neighbor cells, inter-cell
interference coordination may be supported for E-PHICH
transmissions. In one embodiment, a signal related to a
PHICH resource may be exchanged between cells, and the
E-PHICH resource parameter may be signaled to the con-
nected UEs. The detailed E-PHICH procedure may depend
on whether the legacy control region is supported or not.

Details about each of these four sets of embodiments will
now be provided.

In the first approach under the first set of embodiments
dealing with multiplexing of the E-PHICH and the E-PDCCH
orthe PDSCH, E-PHICHs are transmitted in VRBs for E-PD-
CCHs configured with localized transmission. In localized
E-PDCCH transmission, an E-PDCCH is transmitted in
either one or multiple consecutive VRBs that are not used for
transmission of other E-PDCCHs. Since one E-PDCCH is
transmitted within one or multiple PRBs (or PRB pairs) and
precoded DMRS is used, interleaving between multiple
E-PDCCHs as used in the legacy PDCCH may not be sup-
ported in localized E-PDCCH transmissions. The VRBs may
be mapped to PRBs, which may be either consecutive or
non-consecutive in frequency.

FIG. 6 shows one example of multiplexing the E-PHICH
and the E-PDCCH with localized transmission. Two E-PD-
CCHs 610 and 620 that are transmitted in separate PRB pairs
are illustrated. Two E-PHICH groups 630 and 640 are shown,
each of which contains multiple units (as the PHICH is
repeated three times as defined in Rel-8), and these units are
spread across the whole E-PDCCH region. For localized
E-PDCCH transmission, as precoding could be applied to
both the E-PDCCH and the corresponding DMRS, the pre-
coded DMRS may not be suitable for decoding the E-PHICH
because the E-PHICH may contain ACK/NACKSs for multiple
UEs. Inthis case, acommon reference signal, such as the CRS
or a transmission point (TP)-specific reference signal that is
not precoded, may be used for E-PHICH decoding. However,
if three repetitions of an E-PHICH group are transmitted in
separate PRB pairs, a precoded DMRS may still be used to
decode the E-PHICH because the precoding vectors used in
each PRB pair may not be the same, thus creating some
spatial diversity in addition to frequency/time diversity.

While a region may be semi-statically defined for localized
E-PDCCH transmission, not all the PRB pairs may carry the
E-PDCCH at all times. Thus, it is possible that some of the
PRB pairs defined in a region for localized E-PDCCH may be
used to carry the PDSCH in some subframes. In such a situ-
ation, the E-PHICH could still be transmitted in these PRB
pairs. If the PDSCHs transmitted in such PRB pairs are for
legacy UEs, the UEs may not be aware of the E-PHICH, and
data may be punctured, which could degrade the PDSCH
performance. If the PDSCHs transmitted in such PRB pairs
are for Rel-11 or beyond UEs, rate matching may be applied
to those REs reserved for the E-PHICH. In either case, Rel-11
or beyond UEs may still expect to receive the E-PHICH in
these PRB pairs.

If a distributed E-PDCCH transmission is defined as to
transmit an E-PDCCH on PRBs or maybe even smaller units,
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and such PRBs or units for transmitting the same E-PDCCH
are distributed across a wide frequency bandwidth, the E-PH-
ICH transmission may be multiplexed in a similar way as it is
multiplexed with an E-PDCCH with a localized E-PDCCH
transmission.

In the second approach under the first set of embodiments
dealing with multiplexing of the E-PHICH and the E-PDCCH
or the PDSCH, E-PHICHs are transmitted in VR Bs for E-PD-
CCHs configured with distributed transmission. For an E-PD-
CCH with distributed transmission, multiple E-PDCCHs
may be multiplexed and interleaved together and transmitted
on the same VRBs. Given that a higher reliability is generally
needed for HARQ-ACK transmissions than for scheduling
grants and that the same E-PHICH time/frequency resource
may be shared by multiple UEs with an orthogonal Walsh
sequence, a distributed transmission may be more suitable
than a localized transmission for the E-PHICH to achieve
more frequency diversity instead of frequency selectivity.
Therefore, instead of transmitting the E-PHICH in all distrib-
uted and localized E-PDCCH resource regions, the E-PHICH
may be multiplexed with the E-PDCCH and may be config-
ured only with distributed transmission and use a non-pre-
coded DMRS for decoding. As shown in FIG. 7, two E-PD-
CCHs 710 and 720 are multiplexed and transmitted on the
same PRB pairs, and two E-PHICH groups 730 and 740 are
transmitted from the same PRB pairs as the E-PDCCH.

If E-PDCCH resources are RRC configured, then the
E-PHICH may be multiplexed together with the distributed
E-PDCCH (cross-interleaved). Two regions may be config-
ured for the E-PDCCH, one distributed and the other local-
ized. Although two regions may be configured, it is possible
that only the distributed E-PDCCH region contains E-PHICH
resources. A UE may be configured to do E-PDCCH blind
decoding in one or both regions (i.e., distributed only, local-
ized only, or both). However, all UEs may need to decode the
E-PHICH in a distributed E-PDCCH region if a HARQ-ACK
is expected, because the E-PHICH may be transmitted only in
the distributed E-PDCCH region in this case.

In the distributed E-PDCCH region, some resources may
be configured for the E-PHICH. REGs could be defined over
the VRBs, and some REGs may be for the E-PHICH only.
E-PHICH groups may be similarly defined as in the legacy
PHICH. The rest of the REGs may then be grouped into CCEs
and used for the E-PDCCH.

A reference signal for demodulation may be shared in the
region. Either a CRS or a non-precoded DMRS may be used.
Inthe case ofa DMRS, the number of DMRS ports may be the
same as the number of CRS ports as indicated by decoding the
PBCH. Alternatively, the number of DMRS ports may be
different from the number of CRS ports and may be config-
ured by RRC signaling. Different DMRS ports or sequence
may be configured and used in different cells.

The REG definition in OFDM symbols with a DMRS
and/or a CSI-RS may need to be modified, as the REs in an
OFDM symbol may not be an even number or multiples of
four REs. One alternative for REG definition in those OFDM
symbols may be to define a REG as a 2REx2RE square unit
that occupies two consecutive REs in the frequency domain
and two consecutive REs in the time domain. In another
alternative, a REG could be divided into two pairs of REs,
each consisting of two consecutive REs in the frequency
domain. These two pairs of REs could be consecutively allo-
cated along frequency, but in the case where there are not
enough REs left in an OFDM symbol, the second pair could
start from the next OFDM symbol. The allocation of REs for
an E-PHICH REG may skip those REs reserved for DMRS or
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10
CSI-RS transmission. If there is only one orphan RE left inan
OFDM symbol, the RE may be skipped.

Transmit diversity may be used, and random beamforming
may also be possible, either on a per-RB or a per-REG basis,
but precoding vectors may need to be predefined in case of
per-REG beamforming.

In the third approach under the first set of embodiments
dealing with multiplexing of the E-PHICH and the E-PDCCH
orthe PDSCH, E-PHICHs are transmitted in VRBs for E-PD-
CCHs that are commonly monitored. That is, it may be pos-
sible to multiplex an E-PHICH with an E-PDCCH monitored
by all UEs or group of UEs, for instance in a common search
space. For example, the E-PHICH may be transmitted in the
same VRBs configured as the common search space for the
E-PDCCH as shown in FIG. 8. The resources used to transmit
the E-PHICH may be pre-defined and known to the UE. The
resources may be interleaved with the E-PDCCHs that carry
the common message. The UE may only need to decode the
E-PHICH when the UE expects ACK/NACK signals. For the
E-PHICH, transmit diversity may be used and/or a non-pre-
coded DMRS may be used as a reference signal.

In the fourth approach under the first set of embodiments
dealing with multiplexing of the E-PHICH and the E-PDCCH
or the PDSCH, E-PHICHs are transmitted in PRB pairs for
PDSCH transmission. In this case, E-PHICH resources may
be within the resources used for the PDSCH. That is, the
E-PHICH may be multiplexed with the PDSCH in the same
PRB pairs. The PRBs used for the E-PHICH may be defined
similarly to the way the E-PDCCH regions are defined. For
example, the number and location of E-PHICH RBs may be
signaled to advanced UEs or may be predefined.

The maximum number of resource elements required for
the legacy PHICH is calculated in Table 2 in FIG. 15 with
respect to the system bandwidth. Table 3 in FIG. 15 shows
available resource elements in a PRB pair in a subframe for
PDSCH data transmission for different control region con-
figurations and four CRS ports. Assuming the same or a
similar amount of PHICH resources may need to be sup-
ported in the E-PHICH, then a maximum of three PRB pairs
may be needed for 20 MHz, and less than one PRB pair may
be needed for 5 MHz or less.

Given the number of REs in one PRB pair as shown in
Table 3, the granularity for E-PHICH resources may be
coarse if only the E-PHICH is transmitted in a PRB pair. To
avoid wasting resources while providing sufficient diversity
in frequency and/or time, the E-PHICH may be mapped to
REs that are otherwise used for PDSCH transmission, as
illustrated in FIG. 9. The manner in which the E-PHICHs are
mapped in the PDSCH may be pre-defined or configured
through higher signaling. The E-PHICH may take resources
in units of REG in a similar way as the legacy PHICH does in
the PDCCH region. The unit REG may be composed of, e.g.,
four closely located REs. Since the E-PHICH may be spread
out and may not be required to take as many REs withina PRB
pair as possible, higher-order diversity may be achieved,
which may lead to better performance of the PHICH.

There are at least two options for the PDSCH in terms of
how to take into account the REs that are reserved for E-PH-
ICHs. If the PDSCHs are used for legacy UEs, puncturing of
the PDSCHs at the RE locations configured for E-PHICHs
may be used to ensure that legacy UEs can still receive the
PDSCH. Ifthe PDSCHs are used for advanced UEs only, then
rate matching may be applied to take into account the REs
reserved for E-PHICHSs.

As an E-PHICH group may contain PHICHs for multiple
UEs, the reference signal used for decoding may need to be a
common reference signal, such as a cell-specific reference
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signal or a TP-specific reference signal. Such a reference
signal may be different from the reference signal for PDSCH
decoding, which could be precoded.

In the fifth approach under the first set of embodiments
dealing with multiplexing of the E-PHICH and the E-PDCCH
orthe PDSCH, E-PHICHs are transmitted in their own VRBs.
That is, an E-PHICH may be transmitted in a VRB that is used
only to carry HARQ ACK/NACK signals. As seen from Table
2 and Table 3 in FIG. 15, for a system bandwidth of S MHz to
20 MHgz, the required number of REs for the E-PHICH is in
the range of REs that can be carried by one to three PRB or
VRB pairs. So one to three PRBs in both slots could be
assigned to transmit the E-PHICH only in the legacy PDSCH
region. Table 4 in FIG. 15 shows the possible number of VRB
pairs that may be used to carry an E-PHICH-only transmis-
sion for different system bandwidths.

Similar to the PHICH, each E-PHICH may consist of three
REGs, which represent its three repetitions. As shown in FIG.
10, REGs carrying one E-PHICH group may be multiplexed
and interleaved with REGs of other E-PHICH groups and
mapped across assigned VRBs in both slots that only carry an
E-PHICH. These VRBs in both slots may then be mapped to
PRBs in distributed manners across the whole system band-
width, thus creating more frequency diversity gain. If there is
only one pair of VRBs in both slots of a subframe configured,
as shown in FIG. 11, in order to still maintain necessary
frequency diversity, hopping operation may be applied to the
VRB inthe second slot (i.e.,a VRB ofthe distributed type), so
that the VRBs are transmitted at different frequencies in the
first and second slots. As the VRB configuration parameters
(e.g., distributed vs localized, gap 1 vs gap 2) can be shared
between multiple common downlink control channels, such
as the E-PHICH and the common search space of the E-PD-
CCH, such parameters may be signaled once for all relevant
enhanced downlink control channels.

For the interleaving process, as shown in FIG. 12 as an
example, REGs of different E-PHICH groups may be lined up
according to their E-PHICH group number. A REG-based
interleaver, such as a row-in/column-out block interleaver,
may be applied, whose output is REGs from different E-PH-
ICH groups in mixed order.

In an embodiment, 2-tx and 4-tx transmit diversity (TxD)
based on Alamouti coding may be applied to an E-PHICH
transmission. The configuration of antenna number for TxD
may be signaled to the UE or may be implied by another
configuration, such as that for distributed E-PDCCH trans-
mission. A CRS may be used for decoding the E-PHICH in
such a transmission. Alternatively, a DMRS without channel
dependent precoding may be used for this purpose. If hopping
is applied to the second slot (i.e., DVRB), the DMRS may
need to be re-designed to ensure that the performance of the
E-PHICH is maintained, especially in high mobility situa-
tions.

The location of such PRB pairs for E-PHICH-only trans-
mission may vary for different cells or TPs to avoid collisions
of E-PHICHs from different cells and TPs. One way to imple-
ment this variance is to link the locations of PRB pairs for the
E-PHICH to the cell ID or an additional or alternative param-
eter distinct to each TP.

The configuration of an E-PHICH-only transmission may
be semi-statically signaled to the UE through higher layer
signaling, such as RRC signaling. The configuration may
include parameters such as the number of VRB used, the
VRB-to-PRB mapping, the location where the second slot is
hopped to, the transmit mode (e.g., TxD), the number of
transmit antennas, and the corresponding reference signal
ports for decoding.
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A benefit of configuring VRBs for E-PHICH-only trans-
mission is that E-PHICH transmission could be configured
independently from that of the E-PDCCH, especially for the
case where only a localized E-PDCCH region is defined and
a pre-coded DMRS is used for the E-PDCCH.

As mentioned previously, a second set of embodiments
deals with resource allocation for the E-PHICH. In existing
LTE systems, one PHICH resource set is defined ina cell, and
a PHICH resource (i.e., an index pair of a PHICH group and
orthogonal sequence index in the group) is implicitly mapped
to the starting index of the PRBs ofa scheduled PUSCH. In an
embodiment, multiple PHICH/E-PHICH resource sets are
provided to increase PHICH capacity, while efficiently uti-
lizing E-PHICH resources. An E-PHICH resource set is a
collection of E-PHICH resources, where each E-PHICH
resource is capable of carrying one E-PHICH that corre-
sponds to a previous PUSCH transmission. The individual
resource in the resource set is specified by a resource index.
One example of a resource index is the index pair
Mprree " Nprrer 1) Where Npgro~ 0% is the PHICH
group number and N7 is the orthogonal sequence
index within the group. E-PHICH resources within a set can
be mapped to all PUSCH PRB indices. FIG. 13 shows E-PH-
ICH resources mapping to PUSCH PRBs logically. In this
figure, it is assumed that the number of PHICHs in an E-PH-
ICH resource set is equal to the number of PUSCH PRBs. If
the number of PHICHs in an E-PHICH resource set is smaller
than the number of PUSCH PRBs, different DMRS cyclic
shifts may be signaled to different PUSCHs in order to avoid
collisions in the actual PHICH transmissions. As shown in
FIG. 13, for one PUSCH PRB, two E-PHICHs can be mapped
in E-PHICH resource set #1 and set #2.

Collisions between E-PHICH resources assigned to mul-
tiple UEs can happen when the number of E-PHICH
resources is smaller than the number of PUSCH PRBs or
when multiple UEs are allocated with the same PUSCH PRB,
in the case of multiple-user multiple input/multiple output
(MU-MIMO) for example. In such a case, different cyclic
shifts may be signaled to avoid collision.

Multiple E-PHICH PRB resource sets may be useful in the
scenario where multiple E-PHICHs are multiplexed with dif-
ferent types of E-PDCCH regions. For example, E-PHICH
resource set 1 may be multiplexed with an E-PDCCH config-
ured with localized transmission, while E-PHICH resource
set 2 may be multiplexed with an E-PDCCH configured with
distributed transmission. In this case, if a UE is configured to
monitor the localized E-PDCCH region, the UE may need to
monitor and receive the E-PHICH in E-PHICH resource set 1
only when a PUSCH PRB is scheduled by an E-PDCCH
localized transmission. Otherwise, if a UE is configured to
monitor the distributed E-PDCCH region, the UE may need
to monitor and receive the E-PHICH in E-PHICH resource set
2 only when a PUSCH PRB is scheduled by an E-PDCCH
distributed transmission. This may reduce UE complexity by
not receiving the E-PHICH over all E-PHICH resources.

Multiple E-PHICH PRB resource sets may also be useful
in the scenario where multiple reference signal structures or
transmission schemes may be required. For example, when
multiple RRHs are configured with the same cell ID and
E-PHICHs are transmitted in different RRHs with different
reference signals, it may be desirable to receive the E-PHICH
from an RRH suitable for the UE. In this case, a separate
E-PHICH resource set may be configured for each RRH.

Multiple E-PHICH PRB resource sets may also be useful
in the scenario where saving the resources reserved for the
E-PHICH may be required. Although an E-PHICH resource
may be mapped to a PUSCH PRB index, the same amount of
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E-PHICH resources as the number of PUSCH PRBs may not
be required because multiple PRBs can be scheduled to one
UE. In Rel-8, the amount of PHICH resources is configured
with the PBCH, and hence may be difficult to change,
depending on the number of actually required PHICH
resources. If the E-PHICH resource set is dynamically indi-
cated in the uplink grant, it may be possible to reduce the
resources reserved for the E-PHICH by assigning the E-PH-
ICH to a certain E-PHICH group only. Therefore, depending
on the number of UEs scheduled for PUSCH transmission, all
E-PHICH transmissions may be limited to one E-PHICH
resource set, and the remaining E-PHICH resource sets may
be used for PDSCH transmissions.

Multiple E-PHICH resource sets may be assigned in dif-
ferent frequency, time or code sequence domains. In FIG. 13,
two E-PHICH resource sets are configured, and the E-PHICH
in each set is mapped to a PUSCH PRB.

It is not necessarily required to reserve twice the amount of
the E-PHICH resources and map the resources to PUSCH
PRBs in each E-PHICH resource set, because multiple
PUSCH PRBs may be allocated to one UE and only one or
two PHICH resources may be required to transmit one or two
HARQ ACKs.

The actually used E-PHICH resource set may be either
semi-statically configured or dynamically indicated by
including E-PHICH resource set information explicitly in an
uplink grant. For example, if the maximum four E-PHICH
resource sets are supported, two bits of information may be
included to indicate which E-PHICH resource set is used.
Alternatively, implicit indication is also possible, where the
CCE or eCCE index of the E-PDCCH carrying the uplink
grant may be used to derive the E-PHICH resource set. Let
1S Sy - - -5 Sy 1} be the M sets of E-PHICH resources and
n be the lowest CCE or eCCE index of an E-PDCCH carrying
an uplink grant for PUSCH transmission. Then, as an
example, the E-PHICH resource set S, for the corresponding
E-PHICH can be implicitly derived using the following equa-
tion (3).

k=n mod M 3)

Once the E-PHICH resource set is determined, the existing
PHICH equation may be reused to calculate the E-PHICH
group and orthogonal sequence index pair within each E-PH-
ICH resource set. In this case, Ny ¥ may be the number
of PHICH groups in the corresponding E-PHICH resource
set.

As mentioned previously, a third set of embodiments deals
with monitoring and receiving the PHICH and the E-PHICH.
Ifboth legacy control regions and the E-PHICH are supported
and configured, an advanced UE may monitor and receive
both the PHICH and the E-PHICH. If an advanced UE is
configured to receive both the PDCCH and the E-PDCCH, the
UE may also be able to receive both the PHICH and the
E-PHICH. In this case, all PHICH and E-PHICH resources
may be jointly mapped to a PUSCH PRB index. For a UE
receiving both the PHICH and the E-PHICH, the equation for
deriving a PHICH resource may need to be modified. For
example, two parameters may be signaled for the number of
groups for the PHICH (Npz;5°*) and for the E-PHICH
(Ngprrce® %), respectively. The PHICH group index may
be calculated by:

lowest_index,

group_
Rpprce =(Ipra_r4 +1pagrs)mod

WNpzree ™ +Ng prct ) prrca

roup roup
WNprce “+Ng prrcif )
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In order to know whether the PHICH or the E-PHICH is
used, the UE may compare the calculated n,.,*"°* with
Negree” 2. Specifically, the UE may know that the E-PH-
ICH resource is used if npp;" % is larger than or equal to
Negreem . As the number of groups for the PHICH

e F) s already indicated in the PBCH, the number
for an E-PHICH group (N pz7-5 %) may be signaled in
the PBCH using unused bits. Alternatively, the number for an
E-PHICH group may be signaled by higher layer signaling.

Alternatively, a PHICH or E-PHCIH resource may be used
depending on the PUSCH PRB index and whether a DMRS
value meets certain criteria. For example,

If lUpre_r4 +pums)
2N H >N, prrce’ % g pricH® P
(IPRBJAIOWEStfl"dm*'”DMRs)mOd Ne_prrce™ "+
TprrcNe prarce™ %

lowest_index,

Q)

lowest__index /

seq_

g price’ = Ipre_ra PHICH
rog

N prrc ? [+1pams)mod 2N

M
else

lowest__index,

group_
Rpprce =(Ipra_r4 +Mpars)mod

o roiy
N, PHI Cng p+IPHI CHN PHI CHg z

®)

seq_ lowest—index rou
#pprcr’=(Upra_ra PEHICH /Npzrcef ™™ I+
Hpars)mod 2N gz

©

Instead of jointly mapping the PHICH and E-PHICH
resources, it is also possible that the PHICH may be used
when an uplink DCI grant is transmitted on the PDCCH and
that the E-PHICH may be used when an uplink DCI grant is
transmitted on the E-PDCCH. In this case, the PHICH group
index equation can be defined as follows.

If an uplink DCI grant is transmitted on a PDCCH,

oUp_ lowest—index
npmrce’ "P=(pre_ra +1pars)mod
group group
2Nprcif “HpprceN prrcit (10)

seq_ lowest_index group
nppreer “=(Upre_r4 /Npsycef I+
PHICH

1pagrs)mod 2N

(1n
else if an uplink DCI grant is transmitted on an E-PDCCH,

lowest_index,

ng parcef ¥ =(Iprp_p4 +1pagrs)mod
oup

group gre
NE—PHICH +IPHICHNE—PHICH ( 1 2)

seq_ lowest_index group
g prICH ([IPRBJ,}JHICH /Ng_prrcet 1+
1pagrs)mod 2N

(13)

There are also cases where multiple E-PDCCH regions
exist. For example, in coordinated multi-point (CoMP) sce-
nario 4, each RRH is configured with a TP-specific E-PD-
CCH region. For such cases, it may be necessary to define a
corresponding TP-specific E-PHICH. The TP ID may be used
to define such TP-specific features.

Alternatively, an eNB may semi-statically configure
whether the PHICH or the E-PHICH is used. If a UE (either
advanced orlegacy) is configured to decode the PHICH in the
legacy PDCCH region, the UE may use the formulas as
defined in Rel-10 to derive the E-PHICH group and sequence
index:

lowest_index,

group_
Hprrce Uprs_ra +pps/mod
group. group
Negree® ™ +HprrcaNpric 14

seq_ lowest_index group
#pprcr”=(Upra_ra PHICH /Npwrc I+
1pagrs)mod 2N 15)

If an advanced UE is configured to decode the E-PHICH,
the UE may use the following formula to derive the E-PHICH
group and sequence index as defined below:

lowest_index,

group_
g pricH (Uprp_ra +1pppsimod
group

group
N, E-PHICH +1; PHI CHN E-PHICH

(16)
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seq__ lowest_index group
HE pHICH 7( [IPRBJA /NPHICH J+
PHICH

npars)mod 2Ng g5 17

where parameters for the E-PHICH, such as the number of the
E-PHICH group Ng prres "% and the spreading length
Nyt 7“2 may be signaled to the UE through higher layer
signaling or other means such as the PBCH. By doing this, the
PHICH and E-PHICH configurations may be separated,
which may ease implementation.

If a UE monitors only the E-PDCCH, complications may
arise in enabling the UE to receive both the PHICH and the
E-PHICH. In addition, the UE may not receive the PHICH
correctly if interference is high in the legacy region. There-
fore, the UE may receive the E-PHICH only when the UE is
configured to monitor only the E-PDCCH. Alternatively, the
eNB may perform configuration separately whether the UE
receives the PHICH or not.

If a UE is configured to receive the E-PHICH, then the
phich-config field carried in the MIB may be re-interpreted
for E-PHICH resource configuration, as shown below.

PHICH-Config ::=
phich-Duration
phich-Resource

SEQUENCE {
ENUMERATED {normal, extended},
ENUMERATED {oneSixth, half, one, two }

}

When ‘phich-Duration’ is equal to ‘normal’, then the
E-PHICH may reside in the OFDM symbols carrying the
DMRS and/or the REs close to the DMRS REs in the first slot
only, as illustrated in FIG. 14(a). When ‘phich-Duration’ is
equal to ‘extended’, then the E-PHICH may spread to the
OFDM symbols carrying the DMRS and/or the REs close to
the DMRS REs in the both the first and the second slot of a
subframe, as illustrated in FIG. 14(5).

The ‘phich-Resource’ field can be used for calculating the
number of E-PHICH groups as for the PHICH, resulting in
the same amount of resources allocated for the E-PHICH and
the PHICH. If it is desired to allocate more resources to the
E-PHICH than the PHICH, then the value of ‘phich-Re-
source’ can be re-interpreted for the E-PHICH. This can hap-
pen, for example, when a large number of UEs need to be
served while the PHICH is not available (e.g., if there is no
legacy control region). For example, if ‘ENUMERATED
{oneSixth, half, one, two}’ is re-interpreted by an advanced
UE which corresponds to N e {¥4, 1, 2, 4}, then the number
of groups in the E-PHICH may be twice that of the PHICH.

Alternatively, the PBCH may still contain the information
only for the PHICH. A UE may receive information about the
PHICH from the PBCH and start to monitor and receive the
PHICH first. The UE may be configured to monitor and
receive the E-PHICH semi-statically through higher layer
signaling. Such a configuration may be sent together or sepa-
rately with the configuration of the E-PDCCH. After such a
configuration is received, the UE may start to monitor and
receive the E-PHICH.

As mentioned previously, a fourth set of embodiments
deals with inter-cell interference management for the E-PH-
ICH. The inter-cell interference coordination (ICIC) mecha-
nism may be leveraged to achieve interference avoidance
between the E-PHICHs of neighbor cells in the frequency
domain. That is, two neighbor cells may transmit E-PHICHs
over non-overlapping PRBs. This implies that the E-PHICH
resource is keyed off an ICIC parameter. To coordinate
between cells of two eNBs, a signal may be exchanged over
the X2 interface between two neighbor cells, and the E-PH-
ICH resource parameter may be signaled to the connected
UEs via a system information block (SIB). The X2 signaling
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as defined in Rel-8 for ICIC may be reused to achieve this
coordination after resources for E-PHICH transmission are
allocated. Before such a parameter is received by the UE, the
UE may monitor the PHICH only. For an RRH scenario, the
X2 exchange may not be needed to coordinate two RRHs of
the same eNB. Thus, the eNB scheduler may define such a
PHICH resource parameter without any dependency on X2
signaling. The E-PHICH resource unit may be shifted based
on cell ID, so that E-PHICHs from different cells do not
collide. Such a shift could be REG-based or PRB-based.

While interference avoidance may be desirable, interfer-
ence randomization in the design of the E-PHICH may still be
needed for one or more reasons. First, the neighbor cells may
not always choose to coordinate (e.g., two cells may belong to
two different operators). Second, there may be a preparation
period before the cells are coordinated. Third, full coordina-
tion may be difficult if the bandwidth is small and/or if coor-
dination needs to be done between multiple cells. One
example of providing interference randomization is a case
where the REG resources for the E-PHICH vary as a function
of the subframe number as well as the cell ID so that two cells
would be likely to use different REGs in a given subframe.

At least two different scenarios may exist regarding inter-
cell interference management for the E-PHICH. In a first
scenario, a component carrier (CC) has a legacy control
region on the downlink, and the associated uplink CC may or
may not be cross-carrier scheduled. In this case, the UE may
receive a downlink ACK/NACK via the PHICH only in the
legacy control region, when the UE attaches initially. When
the network directs the UE to receive an ACK/NACK via the
E-PHICH only via UE-specific RRC signaling, the UE may
switch to receive the E-PHICH only for all future subframes
until further notice. The UE-specific RRC signaling may
carry resource allocation information for the E-PHICH so
that the UE can locate the E-PHICH directly for future sub-
frames. Information carried on the UE-specific RRC signal-
ing may include the PRB location of the E-PHICH, which
takes into account the interference coordination between two
neighboring cells or two neighboring RRHs. The same UE-
specific RRC signaling may also trigger the UE to receive a
downlink control channel via the E-PDCCH. When the net-
work directs the UE to stop detecting the E-PHICH, then the
UE may switch to receive the PHICH only for all future
subframes until further notice.

In the second scenario, a component carrier, CCy, that has
no legacy control region on the downlink is associated with
another component carrier, CC,, that has a legacy control
region. In this case, the UE may receive a downlink ACK/
NACK via the PHICH only in the legacy control region of
CC, when the UE attaches initially. When the network adds
CCjto the UE as a secondary cell (SCell), the UE may start to
receive all downlink control signals only on CCg. This
implies that the UE switches to receive the E-PHICH (and
E-PDCCH) only on CCy for all future subframes until further
notice. There may be no need to detect the PDCCH and the
PHICH on CCj because the PDCCH and the PHICH are not
transmitted on CCg. The eNB may need to configure the
E-PHICH (and E-PDCCH) on CC before CCy is added as an
SCell, as CC; may experience less interference from other
cells or TPs. When the network removes CCj from the UE’s
SCell list, the UE may switch to receive downlink control
channels only on CC, for all future subframes until further
notice.

The embodiments disclosed herein provide a detailed mul-
tiplexing scheme for the E-PHICH and the E-PDCCH and/or
PDSCH. Alternatively, the E-PHICH may be transmitted
alone in some PRBs. Consequently, the embodiments can
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achieve efficient resource utilization for the E-PHICH given
the characteristic of the E-PDCCH and/or PDSCH. The
embodiments also provide efficient utilization of PHICH
resources by using a concept of multiple PHICH resource
sets. The embodiments further enable a UE to receive HARQ-
ACK when both the PHICH and the E-PHICH are supported
in an LTE eNB. In addition, the embodiments provide ICIC
management for the E-PHICH that can avoid interference on
the E-PHICH.

The above may be implemented by a network element. A
simplified network element is shown with regard to FIG. 16.
In FIG. 16, network element 3110 includes a processor 3120
and a communications subsystem 3130, where the processor
3120 and communications subsystem 3130 cooperate to per-
form the methods described above.

Further, the above may be implemented by a UE. An
example of a UE is described below with regard to FIG. 17.
UE 3200 may comprise a two-way wireless communication
device having voice and data communication capabilities. In
some embodiments, voice communication capabilities are
optional. The UE 3200 generally has the capability to com-
municate with other computer systems on the Internet.
Depending on the exact functionality provided, the UE 3200
may be referred to as a data messaging device, a two-way
pager, a wireless e-mail device, a cellular telephone with data
messaging capabilities, a wireless Internet appliance, a wire-
less device, a smart phone, a mobile device, or a data com-
munication device, as examples.

Where the UE 3200 is enabled for two-way communica-
tion, it may incorporate a communication subsystem 3211,
including a receiver 3212 and a transmitter 3214, as well as
associated components such as one or more antenna elements
3216 and 3218, local oscillators (L.Os) 3213, and a processing
module such as a digital signal processor (DSP) 3220. The
particular design of the communication subsystem 3211 may
be dependent upon the communication network in which the
UE 3200 is intended to operate.

Network access requirements may also vary depending
upon the type of network 3219. In some networks, network
access is associated with a subscriber or user of the UE 3200.
The UE 3200 may require a removable user identity module
(RUIM) or a subscriber identity module (SIM) card in order
to operate on a network. The SIM/RUIM interface 3244 is
typically similar to a card slot into which a SIM/RUIM card
may be inserted. The SIM/RUIM card may have memory and
may hold many key configurations 3251 and other informa-
tion 3253, such as identification and subscriber-related infor-
mation.

When required network registration or activation proce-
dures have been completed, the UE 3200 may send and
receive communication signals over the network 3219. As
illustrated, the network 3219 may consist of multiple base
stations communicating with the UE 3200.

Signals received by antenna 3216 through communication
network 3219 are input to receiver 3212, which may perform
such common receiver functions as signal amplification, fre-
quency down conversion, filtering, channel selection, and the
like. Analog to digital (A/D) conversion of a received signal
allows more complex communication functions, such as
demodulation and decoding to be performed in the DSP 3220.
In a similar manner, signals to be transmitted are processed,
including modulation and encoding for example, by DSP
3220 and are input to transmitter 3214 for digital to analog
(D/A) conversion, frequency up conversion, filtering, ampli-
fication, and transmission over the communication network
3219 via antenna 3218. DSP 3220 not only processes com-
munication signals but also provides for receiver and trans-
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mitter control. For example, the gains applied to communi-
cation signals in receiver 3212 and transmitter 3214 may be
adaptively controlled through automatic gain control algo-
rithms implemented in DSP 3220.

The UE 3200 generally includes a processor 3238 which
controls the overall operation of the device. Communication
functions, including data and voice communications, are per-
formed through communication subsystem 3211. Processor
3238 also interacts with further device subsystems such as the
display 3222, flash memory 3224, random access memory
(RAM) 3226, auxiliary input/output (I/O) subsystems 3228,
serial port 3230, one or more keyboards or keypads 3232,
speaker 3234, microphone 3236, other communication sub-
system 3240 such as a short-range communications sub-
system, and any other device subsystems generally desig-
nated as 3242. Serial port 3230 may include a USB port or
other port currently known or developed in the future.

Some of the illustrated subsystems perform communica-
tion-related functions, whereas other subsystems may pro-
vide “resident” or on-device functions. Notably, some sub-
systems, such as keyboard 3232 and display 3222, for
example, may be used for both communication-related func-
tions, such as entering a text message for transmission over a
communication network, and device-resident functions, such
as a calculator or task list.

Operating system software used by the processor 3238
may be stored in a persistent store such as flash memory 3224,
which may instead be a read-only memory (ROM) or similar
storage element (not shown). The operating system, specific
device applications, or parts thereof, may be temporarily
loaded into a volatile memory such as RAM 3226. Received
communication signals may also be stored in RAM 3226.

As shown, flash memory 3224 may be segregated into
different areas for both computer programs 3258 and program
data storage 3250, 3252, 3254 and 3256. These different
storage types indicate that each program may allocate a por-
tion of flash memory 3224 for their own data storage require-
ments. Processor 3238, in addition to its operating system
functions, may enable execution of software applications on
the UE 3200. A predetermined set of applications that control
basic operations, including at least data and voice communi-
cation applications for example, may typically be installed on
the UE 3200 during manufacturing. Other applications may
be installed subsequently or dynamically.

Applications and software may be stored on any computer-
readable storage medium. The computer-readable storage
medium may be tangible or in a transitory/non-transitory
medium such as optical (e.g., CD, DVD, etc.), magnetic (e.g.,
tape), or other memory currently known or developed in the
future.

One software application may be a personal information
manager (PIM) application having the ability to organize and
manage data items relating to the user of the UE 3200 such as,
but not limited to, e-mail, calendar events, voice mails,
appointments, and task items. One or more memory stores
may be available on the UE 3200 to facilitate storage of PIM
data items. Such a PIM application may have the ability to
send and receive data items via the wireless network 3219.
Further applications may also be loaded onto the UE 3200
through the network 3219, an auxiliary I/O subsystem 3228,
serial port 3230, short-range communications subsystem
3240, or any other suitable subsystem 3242, and installed by
auser in the RAM 3226 or a non-volatile store (not shown) for
execution by the processor 3238. Such flexibility in applica-
tion installation may increase the functionality of the UE
3200 and may provide enhanced on-device functions, com-
munication-related functions, or both. For example, secure
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communication applications may enable electronic com-
merce functions and other such financial transactions to be
performed using the UE 3200.

In a data communication mode, a received signal such as a
text message or web page download may be processed by the
communication subsystem 3211 and input to the processor
3238, which may further process the received signal for out-
put to the display 3222, or alternatively to an auxiliary I/O
device 3228.

A user of the UE 3200 may also compose data items, such
as email messages for example, using the keyboard 3232,
which may be a complete alphanumeric keyboard or tele-
phone-type keypad, among others, in conjunction with the
display 3222 and possibly an auxiliary I/O device 3228. Such
composed items may then be transmitted over a communica-
tion network through the communication subsystem 3211.

For voice communications, overall operation of the UE
3200 is similar, except that received signals may typically be
output to a speaker 3234 and signals for transmission may be
generated by a microphone 3236. Alternative voice or audio
1/O subsystems, such as a voice message recording sub-
system, may also be implemented on the UE 3200. Although
voice or audio signal output may be accomplished primarily
through the speaker 3234, display 3222 may also be used to
provide an indication of the identity of a calling party, the
duration of a voice call, or other voice call-related informa-
tion, for example.

Serial port 3230 may be implemented in a personal digital
assistant (PDA)-type device for which synchronization with a
user’s desktop computer (not shown) may be desirable, but
such a port is an optional device component. Such a port 3230
may enable a user to set preferences through an external
device or software application and may extend the capabili-
ties of the UE 3200 by providing for information or software
downloads to the UE 3200 other than through a wireless
communication network. The alternate download path may,
for example, be used to load an encryption key onto the UE
3200 through a direct and thus reliable and trusted connection
to thereby enable secure device communication. Serial port
3230 may further be used to connect the device to a computer
to act as a modem.

Other communications subsystems 3240, such as a short-
range communications subsystem, are further optional com-
ponents which may provide for communication between the
UE 3200 and different systems or devices, which need not
necessarily be similar devices. For example, the subsystem
3240 may include an infrared device and associated circuits
and components or a Bluetooth™ communication module to
provide for communication with similarly enabled systems
and devices. Subsystem 3240 may further include non-cellu-
lar communications such as WiFi, WiMAX, near field com-
munication (NFC), and/or radio frequency identification
(RFID). The other communications element 3240 may also
be used to communicate with auxiliary devices such as tablet
displays, keyboards or projectors.

The UE and other components described above might
include a processing component that is capable of executing
instructions related to the actions described above. FIG. 18
illustrates an example of a system 3300 that includes a pro-
cessing component 3310 suitable for implementing one or
more embodiments disclosed herein. In addition to the pro-
cessor 3310 (which may be referred to as a central processor
unit or CPU), the system 3300 might include network con-
nectivity devices 3320, random access memory (RAM) 3330,
read only memory (ROM) 3340, secondary storage 3350, and
input/output (I/0) devices 3360. These components might
communicate with one another via a bus 3370. In some cases,
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some of these components may not be present or may be
combined in various combinations with one another or with
other components not shown. These components might be
located in a single physical entity or in more than one physical
entity. Any actions described herein as being taken by the
processor 3310 might be taken by the processor 3310 alone or
by the processor 3310 in conjunction with one or more com-
ponents shown or not shown in the drawing, such as a digital
signal processor (DSP) 3380. Although the DSP 3380 is
shown as a separate component, the DSP 3380 might be
incorporated into the processor 3310.

The processor 3310 executes instructions, codes, computer
programs, or scripts that it might access from the network
connectivity devices 3320, RAM 3330, ROM 3340, or sec-
ondary storage 3350 (which might include various disk-based
systems such as hard disk, floppy disk, or optical disk). While
only one CPU 3310 is shown, multiple processors may be
present. Thus, while instructions may be discussed as being
executed by a processor, the instructions may be executed
simultaneously, serially, or otherwise by one or multiple pro-
cessors. The processor 3310 may be implemented as one or
more CPU chips.

The network connectivity devices 3320 may take the form
of modems, modem banks, Ethernet devices, universal serial
bus (USB) interface devices, serial interfaces, token ring
devices, fiber distributed data interface (FDDI) devices, wire-
less local area network (WLAN) devices, radio transceiver
devices such as code division multiple access (CDMA)
devices, global system for mobile communications (GSM)
radio transceiver devices, universal mobile telecommunica-
tions system (UMTS) radio transceiver devices, long term
evolution (LTE) radio transceiver devices, worldwide
interoperability for microwave access (WiMAX) devices,
and/or other well-known devices for connecting to networks.
These network connectivity devices 3320 may enable the
processor 3310 to communicate with the Internet or one or
more telecommunications networks or other networks from
which the processor 3310 might receive information or to
which the processor 3310 might output information. The
network connectivity devices 3320 might also include one or
more transceiver components 3325 capable of transmitting
and/or receiving data wirelessly.

The RAM 3330 might be used to store volatile data and
perhaps to store instructions that are executed by the proces-
sor 3310. The ROM 3340 is a non-volatile memory device
that typically has a smaller memory capacity than the
memory capacity of the secondary storage 3350. ROM 3340
might be used to store instructions and perhaps data that are
read during execution of the instructions. Access to both
RAM 3330 and ROM 3340 is typically faster than to second-
ary storage 3350. The secondary storage 3350 is typically
comprised of one or more disk drives or tape drives and might
beused for non-volatile storage of data or as an over-flow data
storage device if RAM 3330 is not large enough to hold all
working data. Secondary storage 3350 may be used to store
programs that are loaded into RAM 3330 when such pro-
grams are selected for execution.

The I/O devices 3360 may include liquid crystal displays
(LCDs), touch screen displays, keyboards, keypads,
switches, dials, mice, track balls, voice recognizers, card
readers, paper tape readers, printers, video monitors, or other
well-known input/output devices. Also, the transceiver 3325
might be considered to be a component of the [/O devices
3360 instead of or in addition to being a component of the
network connectivity devices 3320.
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The following are incorporated herein by reference for all
purposes: 3GPP TS 36.211, 3GPP TS 36.212, and 3GPP TS
36.213.

In an embodiment, a method for communication in a wire-
less telecommunication system is provided. The method
comprises generating, by a network element, a sequence of
signals of an E-PHICH. The method further comprises map-
ping, by the network element, the sequence of signals of the
E-PHICH to a first set of resource elements, wherein the first
set of resource elements is multiplexed with a second set of
resource elements over a set of virtual resource blocks, and
wherein the second set of resource elements carries at least
one of an E-PDCCH and a PDSCH.

In another embodiment, a network element is provided.
The network element comprises a processor configured such
that the network element generates a sequence of signals of an
E-PHICH. The processor is further configured such that the
network element maps the sequence of signals of the E-PH-
ICH to a first set of resource elements, wherein the first set of
resource elements is multiplexed with a second set of
resource elements over a set of virtual resource blocks, and
wherein the second set of resource elements carries at least
one of an E-PDCCH and a PDSCH.

In another embodiment, a UE is provided. The UE com-
prises a processor configured such that the UE receives a
sequence of signals of an E-PHICH, wherein the sequence of
signals has been mapped to a first set of resource elements,
and wherein the first set of resource elements has been mul-
tiplexed with a second set of resource elements over a set of
virtual resource blocks, and wherein the second set of
resource elements carries at least one of an E-PDCCH and a
PDSCH.

In another embodiment, a method for communication in a
wireless telecommunication system is provided. The method
comprises providing, by a network element, one or more
E-PHICH resource sets, wherein an E-PHICH resource set
contains a plurality of E-PHICH resources, and wherein an
index of an E-PHICH resource used in transmitting an E-PH-
ICH is related to a parameter associated with a PUSCH.

In another embodiment, a network element is provided.
The network element comprises a processor configured such
that the network element provides one or more E-PHICH
resource sets, wherein an E-PHICH resource set contains a
plurality of E-PHICH resources, and wherein an index of an
E-PHICH resource used in transmitting an E-PHICH is
related to a parameter associated with a PUSCH.

In another embodiment, a method for communication in a
wireless telecommunication system is provided. The method
comprises monitoring, by a UE, both a PHICH and an E-PH-
ICH transmitted by a network element, wherein a resource
index of the E-PHICH is related to a parameter of a PUSCH.

In another embodiment, a UE is provided. The UE com-
prises a processor configured such that the UE monitors both
a PHICH and an E-PHICH transmitted by a network element,
wherein a resource index of the E-PHICH is related to a
parameter of a PUSCH.

In another embodiment, a method for communication in a
wireless telecommunication system is provided. The method
comprises sending, by a first network element, to a second
network element, a message on the mapping of a resource set
of'a first E-PHICH to physical resources. The method further
comprises transmitting, by the first network element, to a UE,
the first E-PHICH.

In another embodiment, a network element is provided.
The network element comprises a processor configured such
that the network element transmits a first E-PHICH. The
processor is further configured such that the network element
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coordinates with another network element in mapping to
physical resources a resource set of the first E-PHICH and a
resource set of a second E-PHICH transmitted by the other
network element.

The embodiments described herein are examples of struc-
tures, systems or methods having elements corresponding to
elements of the techniques of this application. This written
description may enable those skilled in the art to make and use
embodiments having alternative elements that likewise cor-
respond to the elements of the techniques of this application.
The intended scope of the techniques of this application thus
includes other structures, systems or methods that do not
differ from the techniques of this application as described
herein, and further includes other structures, systems or meth-
ods with insubstantial differences from the techniques of this
application as described herein.

While several embodiments have been provided in the
present disclosure, it should be understood that the disclosed
systems and methods may be embodied in many other spe-
cific forms without departing from the scope of the present
disclosure. The present examples are to be considered as
illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various
elements or components may be combined or integrated in
another system or certain features may be omitted, or not
implemented.

Also, techniques, systems, subsystems and methods
described and illustrated in the various embodiments as dis-
crete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
ordiscussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component,
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one skilled in the art and could be made without
departing from the spirit and scope disclosed herein.

What is claimed is:

1. A method for communication in a wireless telecommu-
nication system, the method comprising:

generating, by a network element, a sequence of signals of

an enhanced physical HARQ (hybrid automatic repeat
request) indicator channel (E-PHICH);
mapping, by the network element, the sequence of signals
of the E-PHICH to a first set of resource elements,
wherein the first set of resource elements is multiplexed
with a second set of resource elements over a set of
virtual resource blocks, and wherein the second set of
resource elements carries at least one of an enhanced
physical downlink control channel (E-PDCCH) and a
physical downlink shared channel (PDSCH); and

transmitting the sequence of E-PHICH signals in separate
virtual resource blocks than the E-PDCCH, wherein the
separate virtual resource blocks are mapped to physical
resource blocks such that each physical resource block
carrying E-PHICH signals is different than each physi-
cal resource block carrying E-PDCCH.

2. The method of claim 1, wherein the second set of
resource elements carries an E-PDCCH configured with
localized transmission such that the E-PDCCH is transmitted
in at least one virtual resource block, wherein the at least one
virtual resource block is not used to transmit other E-PD-
CCHs.

3. The method of claim 1, wherein the second set of
resource elements carries an E-PDCCH configured with dis-
tributed transmission.
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4. The method of claim 1, wherein the first set of resource
elements belongs to resource blocks where commonly moni-
tored E-PDCCHs are transmitted.

5. The method of claim 1, wherein a location of the set of
virtual resource blocks is predefined.

6. The method of claim 1, wherein, when the second set of
resource elements carries the PDSCH, the E-PHICH is
mapped to a first group of resource elements that would
otherwise be used for PDSCH transmission.

7. The method of claim 6, wherein PDSCH data is punc-
tured at locations of the first group of resource elements.

8. The method of claim 6, wherein rate matching is applied
to the PDSCH in generating signals of the PDSCH.

9. The method of claim 1, wherein the set of virtual
resource blocks (VRBs) is of localized type mapped to a set of
physical resource blocks (PRBs) such that each VRB in the
set of VRBs corresponds to a PRB in the set of PRBs.

10. The method of claim 1, wherein the set of virtual
resource blocks is of distributed type.

11. The method of claim 1, wherein frequency hopping is
applied between a first virtual resource block in a first slot of
a subframe and a second virtual resource block in a second
slot of the subframe such that the first and second virtual
resource blocks are transmitted at different frequencies in the
first and second slots of the subframe, wherein the first and
second virtual resource blocks only carry E-PHICHs when
the subframe is transmitted.

12. The method of claim 1, wherein a parameter of the set
of virtual resource blocks is signaled to provide resource
indication of a plurality of downlink control channels.

13. The method of claim 1, wherein transmit diversity is
applied in generating the sequence of signals of the E-PH-
ICH.

14. The method of claim 1, wherein a location of the set of
virtual resource blocks is linked to a parameter specific to a
transmission point.

15. A network element comprising:

a processor configured such that the network element:

generates a sequence of signals of an enhanced physical

HARQ (hybrid automatic repeat request) indicator
channel (E-PHICH);

maps the sequence of signals of the E-PHICH to a first set

of resource elements, wherein the first set of resource
elements is multiplexed with a second set of resource
elements over a set of virtual resource blocks, and
wherein the second set of resource elements carries at
least one of an enhanced physical downlink control
channel (E-PDCCH) and a physical downlink shared
channel (PDSCH); and

transmits the sequence of E-PHICH signals in separate

virtual resource blocks than the E-PDCCH, wherein the
separate virtual resource blocks are mapped to physical
resource blocks such that each physical resource block
carrying E-PHICH signals is different than each physi-
cal resource block carrying E-PDCCH.

16. The network element of claim 15, wherein the second
set of resource elements carries an E-PDCCH configured
with localized transmission such that the E-PDCCH is trans-
mitted in at least one virtual resource block, wherein the at
least one virtual resource block is not used to transmit other
E-PDCCHs.

17. The network element of claim 15, wherein the second
set of resource elements carries an E-PDCCH configured
with distributed transmission.

18. The network element of claim 15, wherein the first set
of resource elements belongs to resource blocks where com-
monly monitored E-PDCCHs are transmitted.
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19. The network element of claim 15, wherein a location of
the set of virtual resource blocks is predefined.

20. The network element of claim 15, wherein, when the
second set of resource elements carries the PDSCH, the
E-PHICH is mapped to a first group of resource elements that
would otherwise be used for PDSCH transmission.

21. The network element of claim 20, wherein PDSCH data
is punctured at locations of the first group of resource ele-
ments.

22. The network element of claim 20, wherein rate match-
ing is applied to the PDSCH in generating signals of the
PDSCH.

23. The network element of claim 15, wherein the set of
virtual resource blocks (VRBs) is of localized type mapped to
a set of physical resource blocks (PRBs) such that each VRB
in the set of VRBs corresponds to a PRB in the set of PRBs.

24. The network element of claim 15, wherein the set of
virtual resource blocks is of distributed type.

25. The network element of claim 15, wherein frequency
hopping is applied between a first virtual resource block in a
first slot of a subframe and a second virtual resource block in
a second slot of the subframe such that the first and second
virtual resource blocks are transmitted at different frequen-
cies in the first and second slots of the subframe, wherein the
first and second virtual resource blocks only carry E-PHICHs
when the subframe is transmitted.

26. The network element of claim 15, wherein a parameter
of the set of virtual resource blocks is signaled to provide
resource indication of a plurality of downlink control chan-
nels.

27. The network element of claim 15, wherein transmit
diversity is applied in generating the sequence of signals of
the E-PHICH.

28. The network element of claim 15, wherein a location of
the set of virtual resource blocks is linked to a parameter
specific to a transmission point.

29. A user equipment (UE) comprising:

a processor configured such that the UE receives a
sequence of signals of an enhanced physical HARQ
(hybrid automatic repeat request) indicator channel
(E-PHICH), wherein the sequence of signals has been
mapped to a first set of resource elements, and wherein
the first set of resource elements has been multiplexed
with a second set of resource elements over a set of
virtual resource blocks, and wherein the second set of
resource elements carries at least one of an enhanced
physical downlink control channel (E-PDCCH) and a
physical downlink shared channel (PDSCH),

the processor further configured such that the UE receives
the sequence of E-PHICH signals in separate virtual
resource blocks than the E-PDCCH, wherein the sepa-
rate virtual resource blocks are mapped to physical
resource blocks such that each physical resource block
carrying E-PHICH signals is different than each physi-
cal resource block carrying E-PDCCH.

30. The UE of claim 29, wherein the second set of resource
elements carries an E-PDCCH configured with localized
transmission such that the E-PDCCH is transmitted in at least
one virtual resource block, wherein the at least one virtual
resource block is not used to transmit other E-PDCCHs.

31. The UE of claim 29, wherein the second set of resource
elements carries an E-PDCCH configured with distributed
transmission.

32. The UE of claim 29, wherein the first set of resource
elements belongs to resource blocks where commonly moni-
tored E-PDCCHs are transmitted.
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33. The UE of claim 29, wherein a location of the set of
virtual resource blocks is predefined.

34. The UE of claim 29, wherein, when the second set of
resource elements carries the PDSCH, the E-PHICH is
mapped to a first group of resource elements that would
otherwise be used for PDSCH transmission.

35. The UE of claim 34, wherein rate matching is applied to
the PDSCH in receiving signals of the PDSCH.

36. The UE of claim 29, wherein the set of virtual resource
blocks (VRBs) is of localized type mapped to a set of physical
resource blocks (PRBs) such that each VRB in the set of
VRBs corresponds to a PRB in the set of PRBs.

37. The UE of claim 29, wherein the set of virtual resource
blocks is of distributed type.

38. The UE of claim 29, wherein frequency hopping is
applied between a first virtual resource block in a first slot of
a subframe and a second virtual resource block in a second
slot of the subframe such that the first and second virtual
resource blocks are transmitted at different frequencies in the
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first and second slots of the subframe, wherein the first and
second virtual resource blocks only carry E-PHICHs when
the subframe is transmitted.

39. The UE of claim 29, wherein a parameter of the set of
virtual resource blocks is signaled to provide resource indi-
cation of a plurality of downlink control channels.

40. The UE of claim 29, wherein transmit diversity is
assumed in receiving the sequence of signals of the E-PH-
ICH.

41. The UE of claim 29, wherein a location of the set of
virtual resource blocks is linked to a parameter specific to a
transmission point.

42. The UE of claim 29, wherein the UE decodes the
E-PHICH signals using a transmission point-specific refer-
ence signal.

43. The UE of claim 29, wherein the UE decodes the
E-PHICH signals using a non-precoded demodulation refer-
ence signal.



